Disclaimer: This guideline is designed primarily as an educational resource for health care providers to help them provide qualitymedical genetic services. Adherence to this guideline does not necessarily assure a successful medical outcome. This guideline should not be considered inclusive of all proper procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results. In determining the propriety of any specific procedure or test, the geneticist should apply his or her own professional judgment to the specific clinical circumstances presented by the individual patient or specimen. It may be prudent, however, to document in the patient's record the rationale for any significant deviation from this guideline.
D
iagnosis of prenatal-onset skeletal dysplasias can be accomplished by ultrasound evaluation and confirmed by both molecular testing using invasive procedures and postdelivery radiographs and autopsy, including histomorphic analysis of cartilage and bone. Obtaining a precise diagnosis by prenatal ultrasound diagnosis can be challenging. However, utilization of two and three-dimensional ultrasound can identify abnormal skeletal elements, and by analyzing the constellation of findings, a differential diagnosis can be achieved. These diagnoses based on the constellation of findings can be used for counseling regarding optimal patient management (both fetal and maternal) and calculation of recurrence risk. This policy statement discusses clinical guidelines for screening of fetuses suspected of manifesting a skeletal dysplasia or for pregnancies at-risk.
THE OSTEOCHONDRODYSPLASIAS (THE SKELETAL DYSPLASIAS)
The osteochondrodysplasias and dysostoses comprise a group of more than 350 disorders of the skeleton. [1] [2] [3] By definition, the osteochondrodysplasias, or skeletal dysplasias, refer to disorders with generalized abnormalities of the skeleton, whereas the dysostoses are those disorders that have a single or group of abnormal bones. However, as more is known about all of these disorders, the distinction between osteochondrodysplasias and dysostoses has become blurred. In most osteochondrodysplasias, there is a generalized abnormality in linear skeletal growth and in some disorders there are concomitant abnormalities in organ systems other than the skeleton. 4 The skeletal dysplasias can be inherited as autosomal dominant, autosomal recessive, or X-linked disorders, and some disorders that result from imprinting errors, somatic mosaicism, and teratogen exposure. 3, [5] [6] [7] [8] There has been substantial progress in identification of the molecular defects responsible for the osteochondrodysplasias, and the genetic defects have been identified for approximately 160 of the 350 well-recognized disorders. 3 Many of these discoveries have led to availability of DNA diagnostics for both molecular confirmation of ultrasound and postmortem findings, as well as invasive prenatal diagnosis for at-risk families.
Although the occurrence of each individual skeletal dysplasia may be rare, 9 as a group they account for a significant number of newborns with congenital anomalies. Many of the prenatal onset skeletal dysplasias are associated with lethality because of pulmonary insufficiency or concomitant visceral abnormalities. 10, 4 Many of these disorders result from new dominant mutations and for the autosomal recessive disorders, many occur in families with no history of skeletal dysplasias.
The fetal skeleton develops relatively early in the fetal period and, thus, prenatal diagnosis of these disorders is possible. The appendicular and the axial skeleton undergo a programmed pattern of endochondral ossification, whereas the calvarium and portions of the clavicle and pubis ossify via membraneous ossification. 11, 12 Ossification occurs at relatively early human gestational ages: clavicle and mandible at 8 weeks; the appen-dicular skeleton, ileum, and scapula by 12 weeks; and the metacarpals and metatarsals are ossified by 12-16 weeks. 13, 14 Secondary (epiphyseal) ossification centers are seen by radiographs at approximately 20 weeks gestation and at a similar time period by ultrasound.
ULTRASOUND EVALUATION
Second trimester ultrasound evaluation of the fetus for detection of congenital anomalies has become standard of care in many communities. 15, 16 The fetal skeleton is readily visualized by two-dimensional ultrasound by 14 weeks, and measurements of the fetal femora and humeri are considered part of any basic midtrimester ultrasound evaluation. Any fetus showing femora or humeri length measurements less than 5th centile or Ϫ2 SD from the mean in the second trimester (Ͻ24 weeks) should be evaluated in a center that has expertise in evaluating the entire fetal skeleton and has the ability to provide genetic counseling. The following fetal ultrasound parameters must be visualized and plotted against normative values when a fetus manifesting a skeletal dysplasia is suspected (Table 1) ; fetal cranium (biparietal diameter, occipital-frontal diameter, and head circumference), abdominal circumference, mandible, clavicle, scapula, chest circumference, and all fetal long bones. Comparison of the relative length of all the long bones and against normative values will determine whether there is primarily rhizomelia, mesomelia, or that both segments are involved. One helpful ratio is the femur to foot ratio, which approaches 1.0 throughout gestation. Many skeletal dysplasias show disproportion based on those parameters. 17 For example, those disorders that primarily present with rhizomelia in the prenatal period will show altered femur to foot ratio (Ͻ1). In addition to evaluation of the long bones, there are other ultrasound parameters that should be evaluated and can be helpful in these differentiating disorders (Table 1) . These include the fetal facial profile (glabellar bossing, flattened nasal bridge, micrognathia; Fig. 1 ), presence and shape of the vertebral bodies (Table 2) , and relative appearance of the hands and feet (extra, missing or malformed digits). There are many prenatal onset skeletal dysplasias that are associated with relative brachydactyly and equinovarus (Table 2) . Fetuses with long bone measurements more than 3D below the mean should be strongly suspected of having a skeletal dysplasia, especially if the head circumference is greater than the 75th centile. Most prenatal-onset skeletal dysplasias present with relative disproportion of the skeletal measurements when compared with those of the cranium. In addition, close attention should be paid to the shape and mineralization pattern of the fetal calvarium and fetal skeleton (poor or ectopic mineralization). Determining the elements of the skeleton that are abnormal, coupled with the findings of mineralization and shape of the bones can aid in diagnosis ( Table 2) . Appropriate consultation with a geneticist or genetic counselor is recommended to assess the constellation of abnormalities and determine the most likely differential diagnoses. Prognosis and natural history can then be discussed using the most likely diagnoses as the basis for discussion.
One of the most important determinations that must be made by ultrasound is that of neonatal or infantile lethality. The definition of lethality can be a difficult one. Lethality occurs in most skeletal dysplasias as a result of a small chest circumference and resultant pulmonary hypoplasia. However, not all skeletal dysplasias associated with small thoracic circumferences are associated with immediate lethality. By using ultrasound criteria for lethality, chest-to-abdominal circumference ratio of Ͻ0.6 18 and femur length-to-abdominal circumference ratios of Ͻ0.16 are strongly suggestive of lethality. 19 When concomitant abnormalities in other organ systems are visualized, there is increased morbidity and mortality in these disorders. It is important to note that the accuracy of prenatal diagnosis of the skeletal dysplasias using routine ultrasound approaches 40% 20 -26 and misdiagnosis can lead to inaccurate recurrence risk information and suboptimal management of the patients. Thus, all cases of prenatally diagnosed skeletal dysplasias should have a final diagnosis made by expert clinical and radiologic evaluation. When available, there is also a role for autopsy and histomorphic analysis of the cartilage growth plate, especially in cases of very rare skeletal dysplasias. It is critical to counsel families and their physicians to consider obtaining and storing tissue and/or DNA, especially because many skeletal dysplasias are associated with significant recurrence risk. Resources such as the International Skeletal Dysplasia Registry (http://www.csmc.edu/skeletaldysplasia) and the European Skeletal Dysplasia Network (http://www.esdn.org/) can be used to aid in final diagnosis.
IN-UTERO RADIOGRAPHY, FETAL MRI, AND THREE-DIMENSIONAL ULTRASONOGRAPHY
Historically, in-utero radiographs of a fetus suspected to have a skeletal dysplasia were used to confirm the ultrasound findings and help aid in counseling and patient management. It is our opinion that with marked improvements in ultrasound imaging in the last 10 years, the poor resolution of the radiographs obtained in utero, and since few centers have the expertise to analyze these radiographs, there is little value to this method- there is a suggestion of severe scoliosis and there is concern for diastematomyelia or vertebral malformations. Three-dimensional ultrasound is helpful to distinguish facial abnormalities that may help differentiate these disorders (Fig. 1) . 27 
MOLECULAR EVALUATION
The molecular defect has been identified in almost half of the well-recognized skeletal dysplasias. However, the application of these findings to direct patient care is not yet possible for many of these disorders. For families who have had a previously affected child with a molecularly confirmed diagnosis and are at-risk for recurrence, molecular analysis of DNA derived from either chorionic villus cells or amniocytes may be available, either by direct mutational analysis or by linkage analysis (GeneTests; www.genetests.org/). One controversial issue is whether patients who have had an affected child with a new dominant disorder should be offered invasive prenatal testing for a relatively low risk of germline mosaicism.
One direct application of molecular testing is in the case of pregnancies in which two affected parents have the same or different autosomal dominant skeletal disorders (nonassortative mating). This places the fetus at-risk for homozysosity or compound heterozygosity which is frequently associated with lethality, although there are exceptions. 28 If both parents have achondroplasia, then testing the pregnancy for homozygosity or compound heterozygosity for mutations in FGFR3 is readily available, because 97% of patients with achondroplasia have a known identifiable mutation. If the parents have skeletal dysplasias associated with private mutations, they should be strongly encouraged to have molecular testing performed before pregnancy, since the time necessary for DNA diagnosis can be lengthy and not all mutations are identifiable, and consideration for linkage analysis may be necessary.
The role of molecular testing in a sporadically occurring skeletal dysplasia in an ongoing pregnancy is controversial. The time from invasive testing to diagnosis can be lengthy and may not change the outcome of the pregnancy, especially if the ultrasound appearance of the chest suggests lethality. A positive result will provide an answer and may affect care at time of delivery; however, failure to identify a mutation does not negate the ultrasound findings.
PREGNANCY AND MODE OF DELIVERY
With improvement in obstetrical care of both mother and infants, considerations need to be made for delivery of individ- uals affected by skeletal dysplasias. Advocacy groups for individuals with short stature (Little People of America and the Osteogenesis Imperfecta Foundation) have seen an increasing number of individuals affected by skeletal dysplasias undergo pregnancies with minimal complications, changing many professional opinions regarding outcome of pregnancies in short statured individuals. The issues surrounding pregnancy in short statured women include fetuses at-risk for homozygosity or compound heterozygosity, whether the mother is affected by a long-trunk versus short trunk skeletal dysplasia, need for operative delivery in most cases, regional versus general anesthesia, and optimal time for delivery. Although overall the data on these gestations is relatively limited, 29 there are available resources (Little People of America; www.lpaonline.org/ Osteogenesis Imperfecta Foundation; www.oif.org/ and the International Skeletal Dysplasia Registry; www.csmc.edu/skeletaldysplasia), which can help provide some information and recommendations based on previous experiences. In average stature women whose fetuses have a skeletal dysplasia there are multiple issues that need to be addressed before 
RECOMMENDATIONS
1. Fetuses with long bone measurements at or less than the 5th centile or Ͼ3 SD below the mean should be evaluated in a center with expertise in the recognition of skeletal dysplasias. If the patient cannot travel, arrangements may be able to be made for evaluation of ultrasound videotapes or hard copy images. 2. The following fetal ultrasound measurements should be visualized and plotted against normative values: fetal cranium (biparietal diameter and head circumference), facial profile, mandible, clavicle, scapula, chest circumference, vertebral bodies, all fetal long bones, and the hands and feet. Fetuses with long bone parameters Ͼ3 SD below the mean should be strongly suspected of having a skeletal dysplasia, especially if the head circumference is greater than the 75th centile (Table 1 ). 3. Lethality should be determined by chest circumference to abdominal circumference ratio and/or femur length to abdominal circumference measurement ratio. A chestto-abdominal circumference ratio of Ͻ0.6 or femur length to abdominal circumference ratio of 0.16 strongly suggests a perinatal lethal disorder, although there are exceptions. The findings should be conveyed to the physicians caring for the patient and to the patient. 4. Molecular testing should be offered in those pregnancies at-risk for homozygosity or compound heterozygosity for skeletal dysplasias. Both parents' mutations should have been identified, ideally before pregnancy. 5. Individuals with skeletal dysplasias known to be due to a number of different mutations should be encouraged to obtain molecular analysis before pregnancy. 6. In cases where molecular testing is performed and ultrasound findings suggest a lethal prognosis, then counseling should be based on clinical findings and molecular testing should be considered to confirm the clinical findings. 7. All fetuses suspected of having a skeletal dysplasia should have the diagnosis confirmed by postdelivery clinical and radiologic evaluation. Postdelivery and/or postmortem evaluation includes anterior-posterior radiographs of the appendicular skeleton including hands and feet, and anterior-posterior and lateral radiographs of the cranium and spine (vertebral column). In all appropriate cases, photographs should be taken and autopsies should be offered and encouraged, because it provides the most useful information for accurate diagnosis. Pathologists should collect cartilage and bone, ideally femora and humeri for histomorphic analysis. Tissue (fibroblasts, cartilage and bone) and/or DNA should be saved for molecular analysis whenever possible, because many skeletal disorders are associated with a significant recurrence risk. 8. Mothers who themselves have skeletal dysplasias need consultation with obstetricians and anesthesiologists regarding optimal management, including mode of delivery. 9. For fetuses suspected as having a skeletal dysplasia delivered at a viable gestational age, predelivery consultations and management plan should be initiated between the obstetrical, neonatal, anesthesia, and genetics consultants. 10. Resources such as the International Skeletal Dysplasia Registry, the European Skeletal Dysplasia Network and other qualified genetic centers should be used whenever possible, including the proper collection of autopsy material, especially if the diagnosis and counseling are uncertain.
